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Abstract: Capable and accurate predictions of some effects of strongly nonlinear interaction wave-ship associated with hydroelastic 
behaviors are very required for simulation tool in naval architect and ocean engineering. It can guarantee ship safety at the sea state 
by producing proper design. Therefore, we have developed a hybrid scheme based on both grid and particle method. In order to 
clarify hydroelastic behaviors of a ship, a dropping test of a ship with elastic motion has been performed firstly. The developed 
scheme has been then validated on ship dropping case under the same conditions with experiment. The comparisons showed 
consistently in good agreement. Furthermore, evaluation on hydroelastic behaviors of ship motion under slamming, the impact 
pressure tends to increase in increasing Froude number. (Fn) The bending moment and torque defined at the centre gravity due to 
hogging and sagging events can be predicted well, and their effects on the ship increase in increasing wave length even though the 
impact pressure decreases in increasing wave length after wave length L/ , where L is ship length, is equal to 1.0. Moreover, 
hydroelastic behaviors affect the large heave and pitch amplitudes. Finally, the developed scheme can predict simultaneously 
hydrodynamic and hydroelastic with a strongly nonlinear interaction between wave and ship. 
 
Key words: Impact pressure, ship slamming, hydroelasticity, grid based method, particle based method. 
 
1. Introduction1 
In sea state, a ship moving forward in severe wave 
condition can cause wave impact loads on its surface 
during short time such as slamming event and it is 
vulnerable to some effects caused by that slamming 
impact. In addition, the wave load acting on a ship 
under strongly interaction wave-ship can generate an 
impact pressure and also accelerate a fatigue failure at 
the same time which influences on ship performance, 
ship structure and passenger comfort.  
Moreover, a ship is not a really rigid construction 
and this means that a ship has elastic behaviors where 
it experiences strains and stresses because of its 
structural flexibility. This cannot be neglected that 
hydroelastic behaviors of a ship contributes some 
effects to ship performances. Hence, hydroelastic 
behaviors of a ship have to be considered in predicting 
                                                          
Corresponding author: Hidemi Mutsuda, Ph.D., research 
field: environmental fluid engineering. E-mail: 
mutsuda@hiroshima-u.ac.jp. 
ship motions, pressure, bending moment and torque as 
resulted by the strongly interaction between wave-ship 
associated with hydroelastic effects toward proper 
ship design and ship safety. 
The concept that a ship can be modelled as elastic 
beams structures was firstly given by Inglis [1] and 
later coined firstly the term hydroelasticity by Heller 
and Abramson [2] that the fluid pressure acting on the 
structure modifies its dynamic state and, in return, the 
motion and distortion of the structure disturb the 
pressure field around it. Then, the study of the 2D 
(two-dimensional) hydroelasticity theory of ships was 
established by Bishop and Price [3]. 
By beginning the research results of von Karman 
[4] and Wagner [5], the research of water impact with 
free surface flows have been investigated numerically 
and experimentally, e.g., identification experimentally 
of the impact of surface planes and the entrained air 
effect [6], time dependent water entry for wedges of 
various angles [7, 8], and a comparison of the 
D 
DAVID  PUBLISHING 
A Hybrid Particle-Grid Scheme for Computing Hydroelastic Behaviors Caused by Slamming 
 
16 
maximum impact pressure of a symmetrical wedge [9]. 
The slamming loads of 2D symmetric section were 
investigated by using Boundary Element Method and 
also the effect of flow separation for axisymetric 
impact [10-12]. However, some investigations cannot 
adequately handle flow with water impact involving 
plugging waves and air bubbles. 
Over the past 40 years, Faltinsen [13, 14] gave a 
clear definition of the term ship hydroelasticity that 
the water pressure acts on the structure and the 
structure deforms. At the same time, the speed of the 
structural deformation influences the pressure in the 
water. The hydroelastic formulation and model 
slamming was investigated by Bereznitski et al., 
[15-18] using numerical model, Tajima and Yabe [19] 
simulated a vessel slamming by using CIP 
(Constrained Interpolation Profile Scheme) Then, 
wave loads on a ship in waves using an elastic model 
was studied and verified with full scale measurement 
[20]. Moreover, Faltinsen [21, 22] presented water 
entry of a wedge by hydroelastic orthotropic plate 
theory and an approximate 3D (three-dimensional) 
theoretical investigation of hydroelastic wetdeck 
slamming, and also presented a theoretical study of 
representing the wetdeck as a beam model and 
accounting for dynamic hydroelastic effects. 
Senjanovic et al. [23] analyzed the hydroelastic effect 
on a flexible segmented barge motion in waves and 
distortion and slam events was characterized 
experimentally by using a hydroelastic segmented 
model [24]. 
Recently, many ongoing research in marine 
engineering have been attempted to yield CFD 
(Computational Fluid Dynamics) tool toward 
accurate tool with considering CFD requirements. 
These can predict wave impact as hydrodynamic 
effects due to strongly nonlinear wave-body 
interactions; however, involvement of hydroelastic 
effects associated with capturing nonlinear free 
surface flows on a ship motion under severe wave 
condition is still rarely devoted and the results have 
been generally concerned on water entry problems 
with capturing technique of free surface phenomena 
or with a weakly interaction between wave and an 
elastic ship. The nonlinear free surface flows are 
difficult because it is a complex problem to keep the 
sharpness of the air-water interface tolerable and to 
handle moving free surface and elastic ship boundary. 
In addition, the solutions of CFD for ship motion 
simulation require more quantitative assessments in 
reproducibility and validation. Therefore, the 
developments of CFD techniques to predict 
accurately hydrodynamic and hydroelastic effects on 
ship motion in severe wave condition need 
tremendous efforts. 
In our previous works, our developed method was 
applied to seakeeping performace in nonlinear waves 
with breaking [25, 26]. In present study, our 
developed method, a hybrid particle-grid scheme, has 
been verified its usefulness in predicting hydroelastic 
effects on a ship motion in nonlinear wave with 
breaking. Here, the ship has been considered as an 
elastic body in both numerical simulation and 
experimental work. In addition, some phenomena of 
nonlinear free surface flow caused by strongly 
interaction between wave-elastic ships have been 
captured as well. The hybrid particle-grid scheme is a 
coupled Eulerian grid and Lagrangian particles which 
combines CIP method [27] and SPH method [28] to 
combine advantages and to compensate disadvantages 
of the both particle-grid methods. The advantages and 
disadvantages of the both methods are stated clearly in 
our previous publication [26]. The model has two 
kinds of Lagrangian particles, i.e., SPH and free 
surface particle, on Eulerian grids to correct interface 
tracking error. The two types of Lagrange particles are 
collocated and attracted with highly accurate captured 
nonlinear free surface under resolved region with 
Eulerian grid.  
In this study, the experimental work of ship 
dropping test has been performed and it has been 
simulated numerically as well under the same 
A Hybrid Particle-Grid Scheme for Computing Hydroelastic Behaviors Caused by Slamming 
 
17 
conditions. Furthermore, the developed method, a 
hybrid particle-grid scheme, has been applied to 
elastic ship motion in nonlinear wave with breaking to 
predict and clarify impact pressure, bending moment, 
heave and pitch motions, and some phenomena caused 
by nonlinear interaction ship-wave with hydroelastic 
behaviors. 
2. Computational Method 
In this section, the numerical method, which 
combines the Eulerian scheme and the Lagrangian 
particles by coupling the SPH method and CIP 
method with particle, are described concisely. More 
detail explanations were stated in the previous 
publications [25, 26]. First, the CIP method with 
particles is introduced as a numerical scheme that 
combines the accuracy of Lagragian front tracking. 
Thereafter, the SPH method is employed to calculate 
deformation, strain, stress of elastic body, and 3D 
motion. 
2.1 Arrangement of Grids and Particles 
The developed Eulerian scheme with Lagrangian 
particles has been illustrated as shown in Fig. 1. This 
scheme uses a staggered grid system and has two 
types of Lagrange particles, i.e., SPH particles to 
describe solid and free surface particles to capture free 
surface accurately. 
Density function I  defined on a grid node is 
corrected by using density function P  on free surface 
particles within referenced area with radius h. A smooth 
approximation of a density function can be constructed 
by using a Kernel function in the SPH method. 
2.2 Governing Equations for Fluid Phase 
The governing equations for fluid phase consist of the 
mass conservation equation, incompressible 
Navier-Stokes equation and the equation of continuity, 
I-phase density function (0 1)I I   and its 
advection equation. The equations are expressed as 
follows: 
 
Fig. 1  Illustration of the proposed model (indicates 
density function; Lagrangian particles are located on 
Eulerian grid) 
 
 
 
 
 
 
 
where, ui is the velocity, μ is the coefficient of fluid 
viscosity, ρ is the fluid density, P is the pressure, Ffsi 
is the fluid-structure interaction, gi is the acceleration 
due to garvity, τij is the SGS stress term, and I  is 
the density function. To reduce model parameters, the 
SGS stress term is solved by using the Dynamic SGS 
Model. More details are provided by Mutsuda and 
Yasuda [29]. 
2.3 Advection Step and Non-Advection Step 
The governing equations are solved by using the 
splitting method which is suitable for solving a 
multi-phase flow without smearing a density across 
interface between air and water. The advection step is 
calculated by the CIP method proposed by Takewaki 
and Yabe [30]. Then, the Type-M scheme of the CIP 
method is employed by using the third-order accuracy 
in time and space [27]. On the other hand, the 
non-advection step is solved by using the 
second-order finite difference method. 
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2.4 Governing Equations for Solid Phase 
The governing equations for solid phase are the 
continuity and momentum equations as follows: 
 
 
 
 
 
where,  is the density, ui is the  
velocity, 3/kkP  is the pressure, x
j is the position 
vector of vector j components, ijs is the stress tensor 
of the solid phase, and Ffsi is the fluid structure 
interaction term. The stress tensor ijs  in Eq. (5) is 
given by 
 
 
where, ijS  is the deviatoric stress tensor, the pressure 
solved by the Poisson’s Eq. (9) as mentioned below. 
The preset numerical model considers a large 
deformation of an elastoplastic body. The solid body 
changes at every calculation step by using the 
following equation: 
 
 
where, epD  is the elastoplastic matrix, ijd  the time 
increment of the strain, and ijdS  the time increment 
of the deviatoric stress. To solve rotation of the solid 
phase during a deformation, the Jaumann derivative is 
used to ensure material frame indifference with 
respect to the rotation as follow: 
 
 
 
 
where,   is the strain rate tensor and Ω the spin 
tensor. Other details are given by Mutsuda et al. [31]. 
The pressure with specified jump conditions is 
solved by the Poisson's equation given by 
 
 
 
Where,  denotes a physical value after the advection 
step. The pressure for solid phase can be obtained by 
this equation and be applied in solving a solid 
deformation.  
The fluid structure interaction Ffsi is solved by 
acceleration obtained from the pressure on the SPH 
particles interpolated using the pressure on grids 
solved by the Poisson's Eq. (9). In the model, the fluid 
structure interaction Ffsi in Eqs. (2) and (5) can be 
given by the following equation:  
 
 
 
where, r is location vector of particles in 3D, P is 
pressure on a particle,   is density, m is mass, h is 
reference area and W is Kernel function. To keep 
computational efficiency and stability, the time 
increment in the solid phase is approximately 1/10 to 
1/50 of that in fluid phase. 
2.5 Ship Motions 
A ship motion is solved by using information 
obtained from SPH particles because a ship hull 
consists of SPH particles capturing motion and 
deformation of a ship. Therefore, the 3D motion of a 
ship hull is represented by describing translation and 
rotation of the center of gravity of a ship hull by using 
the following equations: 
 
 
 
 
 
 
 
where, I  is the rotational angle, i  the angular 
velocity, Ti  the torque, I the inertia moment, and Ffsi 
the fluid structure interaction. In addition, the center 
of gravity of a ship hull can be obtained by solving the 
inertia moment of SPH particles, and this is calculated 
by using Baraff theory [32]. Therefore, the 
coordinates of velocity of each SPH particle in every 
time step can be tracked by using the rotation matrix 
and the amount of the angle rotation of the center of 
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gravity. The quaternion is also used instead of the 
rotation matrix R(t) in 3D to avoid the Gimbal lock 
phenomenon. 
3. Results and Discussions 
3.1 Dropping Test of an Elastic Ship 
We investigate firstly relationship between elastic 
motion and impact pressure caused by slamming by 
conducting a dropping test of an elastic ship. This is 
simply assumed that water impact load and strain 
caused by slamming would be obtained from an 
elastic ship dropping with deadrise angle to still water 
surface. Here, a model as an elastic ship is the 
monohull Ferry type. The experiment of the elastic 
ferry is performed for validating our developed 
method results in measuring strain which is acting 
within a deformable ferry model. 
3.1.1 Experimental Set Up and Computational 
Conditions 
The experimental set up was determined and 
designed based on the free fall theory with a constant 
falling speed. To consider an elastic motion, the ship 
model is divided into four parts as shown in Fig. 2a. 
The separated part is connected using a backbone 
attachment made of metal. The flexural rigidity EI and 
the ship density are 351 N/m
2
 and 243 kg/m
3
, 
respectively. The main dimensions for the actual ship 
and the model in the experiment are presented in 
Table 1. 
The pressure sensors are located in bow and bottom 
surface of the model at P1, P2, P3, P4, P5, P6 and P7 
and the strains gauges with water proof are located on 
the backbone attachment at S1, S2 and S3 as shown in 
Fig. 2b. The Pressure data measured from all points 
are grouped into three parts, i.e., bow (Pbow), hull 
(Phull) and stern (Pstern) to associate with strain data at 
S1, S2 and S3. Then, high speed video camera with 
500 fps is placed to capture the ship’s motion during 
the dropping process. 
In the experiment, a deadrise angle β of the ship 
model is defined as a colliding angle between still 
water surface and an inclined ship at initial condition. 
Then, the desired angle of the ship model is set and 
kept with wire before dropping. The deadrise angle β 
is strictly captured from video image. 
For numerical simulation, the dropping test of the 
elastic ferry has been investigated numerically at the 
same initial conditions with the experiment as 
mentioned above. The Ferry model is represented by a 
large number of the SPH particles where the radius of 
the SPH particle is 0.0025 Lpp and the total number is 
29,434. The grid size is 0.01 Lpp and the radius of free 
surface particle is 0.0025 Lpp and the total number 
located near the free surface is 127,680. The density 
ratio between air and water is 800 and the viscosity 
ratio between them is 55 in the multiphase model. The 
flexural  rigidity EI  and the  ship density  are 351  Nm
2
 
 
 
(a) 
 
(b) 
Fig. 2  (a) Ship model; (b) Location of pressure sensors 
and strain gauges.  
 
Table 1  Main dimensions of actual ship and model.  
 Actual ship Model 
Loa (m) 45 1.5 
B (m) 9.6 0.3 
H (m) 3.5 0.116 
T (m) 1.2 0.04 
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and 243 kg/m
3
, respectively. The initial dropping 
speed is used about 4.4 m/sec recorded by high-speed 
video camera in the experiment. 
3.1.2 Comparison Results 
Fig. 3 shows comparison of typical case of the 
elastic behavior and the free surface based on some 
snapshots between the experimental and the numerical 
results during the dropping and the entering process 
for deadrise angle   two degrees. Vertical location 
of the elastic ship, water splashing and free surface 
deformation change at each time step from 0.001 sec 
to 0.03 sec, as shown in that figure. From the 
comparison, the numerical result is quite good 
agreement  with the  experimental one.  However, there 
 
  
  
  
  
Fig. 3  Comparison typical case of the elastic behavior and 
the free surface for  2β .   
is small discrepancy between them during the entry 
process. When the ship bow contacted firstly on the 
water surface and then immersed, the water splashing 
near the bow and the generated short wave reflection 
along the ship are comparatively weak in the 
numerical results because small droplets and air 
bubbles less than the size of the free surface particles 
cannot be captured by our numerical model. The 
present model need to overcome this problem using 
another special technique in near future work.  
In our previous numerical result, the computed 
result of an elastic rectangular body with deadrise 
angle was compared with the experimental result in 
pressure and strain and its result is in good agreement 
with our experimental results [25]. In present study, 
we need to focus on strain caused by impact pressure 
due to ship slamming and validate the strain with the 
experimental data. 
Fig. 4 shows an example comparison of the strain 
time histories between numerical and experimental 
results for deadrise angle  2  at S1, S2 and S3, 
respectively. 
The numerical result is quite good agreement with 
the experimental result. However, the strain histories 
at S2 have a little discrepancies between 
computational result and experimental one. The strain 
at the stern part is caused by strongly interaction 
between the elastic ship model and the free surface 
with splashing during the elastic behavior response to 
the water. 
Moreover, the impact pressure was distributed on 
the ship surface during the entry process as shown in 
Fig. 5. The high impact pressure is firstly occurred at 
the bow part when the ship just touched on the free 
surface. The high impact pressure region are also 
generated on the bow and midship parts at 0.02 s to 
0.03 s. This indicates that the impact pressure is 
occurred by the strongly nonlinear slamming 
phenomena. For design analysis, the bow flare and the 
ship form would become important factor to avoid and 
reduce effects of slamming.  
t=0.001sec 
t=0.01sec 
t=0.02sec 
t=0.03sec 
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(a) Location S1                                       (b) Location S2 
Fig. 4  Comparison of the strain time histories between numerical and experimental results at S1 and S2 for  . 
 
Front view Bottom view 
  
 
 
 
 
     
 
 
 
 
  
Fig. 5  Ressure distribution on ship surface during the entry process.    
 
Based on the comparison results, the hybrid 
particle-grid scheme is acceptable to be used for 
investigating interaction between elastic ship motion 
and wave. In the following section, using the 
developed method, we have investigated on elastic 
ship motion in nonlinear wave with breaking under 
slamming event to be obtained and clarified some 
effects of hydroelastic behaviors. 
3.2 Investigation of an Elastic Ship Motion in 
Nonlinear Wave 
In this section, the investigation is emphasized to 
analyze hydroelastic behaviors under slamming by 
applying our numerical method to ship motion in 
heading regular wave with breaking. The main 
dimensions of a ship which are used in this section is 
the same with those of the dropping test as explained 
in previous section. 
3.2.1 Computational Conditions 
In the computational conditions, the Fn are set to 
0.32 and 0.45. Then, Reynolds number is about 1.4 × 
10
6
. Young’s modulus is 210 GPa and Poisson ratio is 
0.3 for the elastic ship. The incident wave height 
Hw/Lpp is 0.06, Lpp is a ship length and 12 cases are 
performed based on the different wave length  and 
the ship speed V. The grid size dx, dy and dz are 0.01 
(a) t = 0.01s 
(b) t = 0.02s 
(c) t = 0.03s 
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Lpp. The radius in both free surface particle and SPH 
particle are 0.0025 Lpp and the number of particle is 
542,000 for free surface and 29,306 for elastic ship 
(SPH particle).  
The impact pressure acting on the ship can be 
monitored and recorded in time evolution. Then, each 
SPH particle produces the strain in six components 
based on three dimensions in local axes of SPH 
method, i.e., xx, xy, xz, yy, yz and zz. Two measuring 
points of pressure, P1 and P2 as shown in Fig. 6, are 
located on the ship bow and bottom, respectively. 
Then, three measuring points of strain, S1, S2 and S3, 
are located on along deck as shown in Fig. 6. The P1 
is represented by bow slamming and P2 is bottom 
slamming. The strain measuring points at S1, S2, and 
S2 are characterized by the deck structure in front, 
mid and rear parts, respectively. 
3.2.2 Results and Discussions 
Fig. 7 shows example of time history of the 
computed pressure measured at bow part P1 and 
bottom part P2 for Fn = 0.32 and Lpp/   = 0.2. From 
those figures, the pressure at P1 is periodically higher 
than P2. This means that the bow slamming is 
occurred with high pressure and the localized impact 
pressure can result substantial damage on bow flare  
of the ship.  Fig. 8 shows the typical non-dimensional 
 
 
 
 
 
Fig. 6  Location of measuring points of pressure and 
strain.   
 
Time (sec) 
(a) P1 moving average) 
 
Time(sec) 
(b) P2 (moving average) 
Fig.  7  Time history of the computed pressure at P1 and 
P2 for Fn = 0.32.  
 
impact pressure defined by averaging maximum 
pressure P* each case in increasing wave length Lpp/   
for both cases Fn = 0.32 and 0.45 where it is 
nondimensionalized by wave height Hw, water density 
 and gravity acceleration g.  
The localized impact pressure shows the same 
tendency in all cases based on Fn. It increases when 
the ship speed increases and is higher at bow part P1 
about four times than at bottom part P2. Then, the 
localized impact pressure tends to increase with 
increasing wave length, however, it gradually 
decreases when the Lpp/   is greater than or equal to 
1.0. This can be notified that Lpp/   = 1.0 is critical 
point for bow slamming. Fig. 9 shows some snapshots 
of bow slamming and bottom slamming phenomena 
during the motion in nonlinear wave with breaking. 
The ship’s bow hits the surface of wave crest and it is 
then categorized by bow slamming event and the 
bottom slamming event that bottom of the ship is 
lifted up and reenter into free surface due to the 
loading as shown in Fig. 9. In addition, the wave breaking 
(a) Side view 
(b) Bottom view 
(c) Top view 
P
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g
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Fig. 8  Typical localized impact pressure acting on bow and bottom parts.  
 
  
  
Fig. 9  Snapshots of bow slamming and bottom slamming with breaking. 
 
can be captured well.  
The ship experienced strain after the impact pressure 
acted to the ship. It was bended upward and downward. 
The reaction of strain on the deck that causes the bended 
ship is shown in Fig. 10. The localized strains S1, S2 
and S3 grow up with increasing wave length. 
 
 
Fig. 10  Typical localized strain response reacting on deck caused by hydroelastic behavior. 
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Bow slamming 
Front view Side view 
t=7.3sec 
Bottom slamming t=15.9sec 
Front view Side view 
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This means that the impact pressure is low as 
shown also in Fig. 8 where the impact pressure tends 
to decrease when Lpp/  1.0. In addition, the localized 
impact pressure measured at S3 is highest in both 
cases based on Fn. The shape of the stern has a 
slightly flat of hull and a small draft, consequently 
these can contributes high strain. In future study, we 
will investigate local strain on along keel part. 
When wave load is applied, the shape of the ship 
could suffer hogging and sagging. This has been also 
explained previously. Fig. 11 shows the 
non-dimensional global impact pressure P* acting on 
the ship normalized by density , gravity acceleration 
g and wave height Hw. High speed influence an 
magnitude of global impact pressure as shown in Fig. 
11. The high global impact pressure occurs when 
Lpp/   = 1.0 and this is reasonable that the level wave 
load as show in Fig. 8 is highest. Moreover, the shape 
of hogging and sagging are completely described 
when the wave is the same length with the ship Lpp/   
= 1.0. Hogging that ship is where the crest of the wave 
is in amidship and sagging that ship is in the trough of 
two waves.  
The global impact pressure is rarely investigated 
than the localized impact pressure. In fact, a mid of a 
ship is vulnerable to some disturbances due to loading 
because it can cause snap or crack. Therefore, in each 
case based on wave length, the high deflection of 
vertical bending load is defined at the centre gravity of 
the ship. 
Fig. 12 shows the nondimensional vertical bending 
moment defined at the centre gravity of the ship. It 
can be seen also that high speed contributes strong 
bending moment because heave amplitudes of the ship 
becomes large. The vertical bending moment grows 
up in increasing the wave load level hereafter it tends 
to decrease about two times the ship length. This 
depends on a ship position related with that wave crest 
and trough even though a wave length is bigger or 
equal to two.    
Furthermore, comparison the nondimensional heave 
and pitch amplitudes between elastic ship and solid 
ship is show in Fig. 13.  
The nondimensional pitch and heave amplitudes are 
defined by Hv/Hw and θa/(H_w*k), where, Hv is 
heave motion amplitude, Hw the wave amplitude, θa 
the pitch motion amplitude and k the wave number. 
Based on the comparison result of the 
nondimensional heave amplitude, the heave amplitude 
of elastic ship is lower than solid ship in each wave 
length. In contrary, the nondimensional picth 
amplitude of the elastic ship is higher than the solid 
one. In addition, high Fn contributes large amplitude 
for the elastic case. Here, this can be seen significantly 
that ship motions are also influenced by 
hydroelasticity behaviors. Therefore, the performance 
of a ship in nonlinear wave with breaking depends on 
impact pressure, elastic structure and ship speed. 
 
 
 
 
 
 
 
 
 
 
Fig. 11  Nondimensional global impact pressure acting 
along the ship for Fn=0.32 and Fn=0.45.  
 
 
 
 
 
 
 
 
 
 
Fig. 12  Nondimensional vertical bending moment defined 
at centre gravity caused by global impact pressure.  
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Fig. 13  Comparison of the nondimensional heave and 
pitch amplitudes between solid and elastic bodies.  
 
4. Conclusions 
In the present study, the hybrid particle-grid scheme 
has been developed to investigate hydroelastic effects 
on both the dropping test of the ship and ship motion in 
nonlinear wave with breaking. 
From the dropping test of the ship, the numerical 
result of vertical location of the elastic ship during the 
falling, water splashing and free surface deformation 
and strain history are overall in quite good agreement 
with the experimental results. However, there is small 
discrepancy between them during the entry process. 
These numerical errors were caused by small water 
droplets and air bubbles less than the size of the free 
surface particles. 
The performance of a ship in nonlinear wave with 
breaking is influenced significantly by hydroelastic 
behaviors of the ship. These can be seen that 
hydroelastic effects address directly to impact pressure 
and vertical bending moment. The high Fn contributes 
large amplitude in both motion and bending moment 
for the elastic case. Here, this can be seen clearly that 
ship motions are also influenced by hydroelasticity 
behaviors. Therefore, the performance of a ship in 
nonlinear wave with breaking depends on impact 
pressure, elastic structure and ship speed. 
The all result of the investigation of elastic ship 
motion in nonlinear wave with breaking by using 
hybrid particle-grid scheme needs to be validated with 
experimental work. Hence, in future work we will 
conduct experiment of an elastic ship motion in wave. 
Moreover, the size of the free surface particle will be 
considered also to capable handle a small water droplet 
and air bubble resulted by strongly interaction 
wave-ship. 
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